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© Tumor necrosis factor formulation and its preparation. 



® A pharmaceutical composition is prepared utilizing biologi- 
cally active, selectively conjugated TNF. The conjugation is of 
TNF to a water-soluble polymer selected from polyethylene 
glycol polymers or polyoxyethylated polyols, which 
polyethylene glycol polymer is unsubstituted or substituted at 
one end with an alkyl group and which polyol Is unsubstituted 
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TUMOR NECROSIS FACTOR FOMULATION AND ITS PREPARATION 
M-neTi^^ 

* peritoneal exudat e cells from BCQ- nf^ted mCT S» 1 S ( Ur8S ° f macr< >Phage-enrich e d 

promyelocytic leukemia ortSj ?SSu£: cS^rr^TS? ^ by the hUman 

coll. See copending PCT US85/01921 filed Octobe^ 1985 ™^JA SOS* ex P ressed <« E. 

The use of polypeptides in dnnih^sSSS Mi iffiS^ f^ 24 ? 1888 8,1(1 PCT US8 6/0238l7 
response is well known in the ^^L^^iZ^ £^ f ? Producing a particular physiological 

the circulatory system (reduced haMfel orhv Z%2? i ometmes by causing reduced residence time in 
Interaction. We) ° r by modrt V' n 9 the molecule by virtue of the antibody-polypeptide 

imnir C ra ?*T m 2SILT C 1 P0 ' yPePtWeS S ° M t0 " reC,ud6 ° r « reduce an 
' of these poVeptto" , nine m aS 

«N ~ "*""*" " ' WWW— B&col polymer „, „ 

U.S Patent 4 495 285 dSt« » IZ — ? 006 hydroxyl sroup Meaertoed in coi. 2, lines 42-66) 

w h ,ch „ - 2£se s&"SKrar: ssEzsr*- the -*° aB,d s,de cha,ns °" 
such^r^^^ 

^aa Patent 3.619.37! discloses a poiymeric matrix having a biologicaliy active substance chamicaiiy bound 
US Patem Stir 0raani0 cyanale compounds to bind proteins to polymers 
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polymeric substance. 

andVSZ^ccT enZym8 COn ' U9ate C ° mP0S,ti0n ° 0mpriSinS " ™ -njugate. aca,c,um sal,. 

JP 67192435 published November 26, 1982 discloses modified polypeptides where all or Dart of the amino 
groups are subsisted with a polyethcxyl moiety. DE 2312615 pushed Se"tembe 27 197^ dfcdoses 
couplmg of polymers to compounds containing hydroxy or amino groups discloses , 

theX™^ 

„f U » S j£ a T X 4 ' 4 J 4 ' 14 7 d ^"'°es rendering interferon less hydrophobic by conjugating it to an anhydride 
of a dicarboxylic acid such as polyethylene succinic anhydride) Jay anannyorrae 

m „ E LjHl ,316, „1 UbliShBd Sa P tember 11 > 19 85 to Takeda Chemical Industries, Ltd., discloses chemically 

Tuch « IT, °k ? BS COntain '^ PEG b0nd8d dlreo,ly ,0 at laas » ° ne P rfma <V amino group of TlympSe 
such as alpha, beta or gamma Interferon or interleukin-2 'ympnoKine 

PEG ot PPG « r3 en ' S ""1 f t6nt P ubllcatlons . Nicies discuss the concept of using activated 

rn^hl iw» mod W n 9 a B e "t 'or Protems such as enzymes, IgG and albumin. For example, Inada et al m 
™£Z^Z?? phyS - " 6S - Comm - ^ M5 - 8S0 (1984) dlsclosemodifylngwater-solublellpo^ro toZtaueto 
make It soluble In organic solvents such as benzene by using cyanurlc chloride as a coupling agent with^PEG 
Takahash, et al., Blochem. and Blophvs. Res. Cnmm 121. 261-265 (1984) dtak^SdSKinS; 
peroxidase using cyanurlc chloride triazlne with PEG to Sake the water-soluble eZSSZ 
benzene. Suzuki et al Blochem. Biophvs. Acta. 788, 248-255 (1984) disclose •3SSnT^2SS?3 20 
^USS, T^r C ? hl0 " d f e SOtiVated PEG - Abuohow ^ " Cancer Blochem. Bloohvs 7 mZmfim 
state ftat modification of asparaginases from £_coli and V ibrio succlnogene T uiinVp-EG activated I bv 
BtelT i^p U ,° Clna,e S?T ? e ha "-"' e atld ^ases thTirn- munogenrcitycf ita^M.^^ * 
Biomedical Polymers, (New York: Academic Press, 1980), p. 441-451 disctose that enzymes normaNv 

5JHV S0,Ubi,ized ^ PEG at,aeh ™"« 'urther details. Several oLr3ctes dS * 

HiSL , fTJ!f SU ° h aS urioase - ^^nase, catalase. arglnase and asparaginase wlm peg 
■ o?r protein m>rt 3UCC ' na,B " ° h '° ridB ,0 in ° rBaSB haJf - |ite and decrease the 9 |mmunogenlc7? 

hkH^.f.rf ^ refe ! e " 0BS - h T VBr ' diSCl0Se how t0 use a P 01 * 1 ™ modification process to improve the 
biological activity and pharmacokinetics of tumor necrosis factor (TNF) 

Accordingly the present invention provides for modifying tumor necrosis factor to retain its biological 
act,v ty and potently to increase the physiological half-life thereof and decrease tnmunm^VraS 
or elimrnating aggregation of the protein or by masking antigenic determinants. It Is ZSt atthe 
prolonged half-life of the modified TNF herein is related to the efficacy of the protein 
mart" nh^Jl!^ 'I" 8 PreSB ? t m VenB ° n iS direC,Bd to a Pharmaceutical composition comprising a non-toxic 
™l£l^n^ y <T eous medium, in which Is dissolved biologically active tumor 

^Zi^ l™P 0 r ajBntly c ° n ' u f ted to 8 water-soluble polymer selected from the group consist ng of 
polyethylene glycol polymers and polyoxyethylated polyols. wherein said polyethylene glycol BOlvmeMs 
"f h or •J* 8 *** ^ °™ a"" « alkyi group and said nolvol is" unXifuTed P * 
cou^ri M T^^ mer S un ;; ubst : tlJteo ' Polyethylene glycol (PEG) or monomethyl PEG (mPEG), and It is 
coupled to the TNF v,a an amide linkage formed from the 4-hydroxy-3-nitrobenzene sulfonate esteror the 
N-hydroxysuccinlmide ester of a PEG or mPEG carboxylic acid suironaie ester or the 

com n pri t s h in r g• aSPe0, " 1,113 lnVentl '° n re6ideS 8 Pr ° 0B8S ,0r Pr8parin9 3 Pharmaceutical composition 

a^ota^ 

acSe™^ 

Th„ ' c ' ' or h n1Lj|a,ill 9 said TNF in a non-toxic, inert, pharmaceutical^ acceptable aqueous carrier medium 
mamnU^n! ""Z " 8 """"^ fr0m tlSSUB CUl,UreS or ^ recombinant techniques, and f om any 
Tr^TtZ™* UCh ^ B - 9 - raouse - rat ' rabbit prima,e ' P j 9 and human. Preferably such p otein Is derived 
from a human source, and more preferably Is recombinant human TNF 

3i?72^7TJZ,!l e , rB i, n «7 y , bB n °? ta i nBd . ln recombinan ' 'orm as described by Pennies et al., Nature. (1984) 
312.724-729. Yamada et al., J. Biotechnology . 1985) 3:141-153; Wang et al Science M9a51~55fTiii i«i 
Shiral et al., Nature (London), (1985) 3J3:8r3l806 ; EP 155,549 puSed SepSe729 mfTP ia£e 

'gTRecomb^Vih 9 ?^ 168 k 214 S U ^ 

be obtamed as desoraied in EP ,46 ' 026 pub,l9hed June 26 ' 1985 a " d EP 

EP^JS/SflS ^ilhTcT ^"iJ 51 a " d 155 • B " no acids < Z and 6 less than tha native form) Is disclosed in 
'^?' pub ' lshed September 25, 1985 (Dalnlppon Pharmaceutical Co., Ltd.), and human TNF haviYw M5S 
amino acids Is disclosed In EP 158,286, published October 16. 1985 (Asahi Kasei Kogyo ^kTusMW KaSan^ 

andTol r,V^' 829A ; PUbliShBd NbVBmber 20 ' 1985 - ^ cl0 ™"9 - ma S ' ™F IsTimfno aLdsJ 
and various modified forms, (muteins) thereof is disclosed in EP 168,214, published January 15 1986 
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(Genentech) and PCTUSS5/01 921, filed October 3, 1985, published April 24, 1986 (Cetus Corporation). 

Preferably, the TNF herein is a human TNF muteln wherein the first eight amino acid residues have been 
deleted, using the procedure described in PCX W086/02381 or the TNF fs a cysteine-depleted muteln 
prepared similarly to that described in U.S. Patent No. 4,518,584, supra. 

5 The precise chemical structure of the TNF herein will depend on a number of factors. As lonizable amino and 
carboxyl groups are present fn the molecule, a particular form of TNF may be obtained as an acidic or basic 
saft, or in neutral form. Ail such preparations which retain their bioactivity when placed in suitable 
environmental conditions are included fn the definition of TNF herein. Further, the primary amino acid 
sequence of the TNF may be augmented by derlvatizatlon using sugar moieties (glycosylation) or by other 

w supplementary molecules such as lipids, phosphate, acetyl groups and the (ike, more commonly by 
conjugation with saccharides. Certain aspects of such augmentation are accomplished through post-transla- 
tional processing systems of the producing host; other such modifications may be introduced in vitro , in any 
event, such modifications are Included in the definition of TNF herein so long as the bioactivity of the TNF is not 
destroyed. It Is expected, of course, that such modifications may quantitatively or quaiitativety affect the 

15 bioactivity by either enhancing or diminishing the activity of the TNF in the various assays. 

The term 'selectively conjugated" as used herein to apply to the TNF refers to TNF which Is covalentty 
bonded via one of its amino acid residues. While the residues may be any reactive amino acids on the protein, 
such as one or two cysteines or the N-terminal amino acid group, preferably the reactive amino acid Is lysine, 
which is linked to the reactive group of the activated polymer through its free e-amino group, or glutamic or 

20 aspartic acid, which is linked to the polymer through an amide bond. 

The polymer to which the TNF is attached is a homopolymer or copolymer of polyethylene glycol (PEG) or Is 
a polyoxyethylated polyol, provided in all cases that the polymer is soluble in water at room temperature. 
Examples of copolymers include, e.g., copolymers of ethylene glycoi and propylene glycol, or of ethylene and 
maieic anhydride. Examples of polyoxyethylated poiyols include, for example, polyoxyethylated glycerol, 

25 polyoxyethylated sorbitol, polyoxyethylated glucose, or the like. Preferably, the PEG polymer is a 
homopolymer and the polyoxyethylated polyol is polyoxyethylated glycerol. 

The glycerol backbone of polyoxyethylated glycerol is the same backbone occurring naturally In, for 
example, animals and humans as mono-, di- and triglycerides. Therefore, this branching would not necessarily 
be seen as a foreign agent in the body. 

30 The polymer need not have any particular molecular weight, but it is preferred that the molecular weight be 
between about 300 and 100,000. more preferably between 350 and 40,000. depending, for example, on 
the particular protein employed. 

Preferably, the PEG polymer is unsubstituted, but it may also be substituted at one end with an atkyl group. 
Preferably, the aikyl group is a C1-C4 elkyl group, and most preferably a methyl group. Most preferably, the 

35 polymer Is an unsubstituted homopolymer of PEG or amonomethyl-substttuted homopolymer of PEG, and has 
a molecular weight of about 350 to 40,000. 

The TNF is conjugated via a terminal reactive group on the polymer. The polymer with the reactive group(s) 
is designated herein as activated polymer. The reactive group selectively reacts with free amino or other 
reactive groups on the TNF. As reaction of the reactive group with too many active groups on TNF may not be 

40 possible to avoid completely, it is recommended that generally from about 1 to 1 0 moles, preferably 1 -5 moles, 
of activated polymer per mole of TNF, depending on the TNF concentration, Is employed. The ultimate amount 
employed Is a balance to maintain optfmum activity, while at the same time optimizing, ff possible, the half-life 
of the protein. Preferably, at least about 10°/o, more preferably 25<>/o, more preferably ,50% and most 
preferably 100%, of the biological activity of the protein is retained. 

45 The covalent modification reaction may take place by any suitable method generally used for reacting 
biologically active materials with Inert polymers, preferably at about pH 5-9, ff the reactive groups on the TNF 
are lysine groups. Generally the process involves preparing an activated polymer (with at least one terminal 
hydroxy! group) and thereafter reacting the TNF with the activated polymer to produce the modified TNF 
suitable for formulation. 

50 The above modification reaction can be performed by several methods, which may involve one or more 
steps. Examples of suitable modifying agents which can be used to produce the activated polymer in a 
one-step reaction include cyanuric acid chloride (2,4,6-trichloro-S-triazine) and cyanuric acid fluoride. 

In a preferred embodiment the modification reaction takes place In two steps wherein the polymer is reacted 
first with an acid anhydride such as succinic or gluianc anhydride to form a carboxylic acid, and the carboxylfc 

55 acid Is then reacted with a compound capable of reacting with the carboxylic acid to form an activated polymer 
with a reactive ester group which is capable of reacting with the protein. Examples of such compounds include 
N-hydroxysuccinimfde, 4-hydroxy-3-nitrobenzene sulfonic acid, and the like, and preferably N-hydroxysuccini- 
mide or 4-hydroxy-3-nftrobenzene sulfonfc acid is used. For example, monomethyl substituted PEG may be 
reacted at elevated temperatures, preferably about 100-1 10°C for four hours, with glutaric anhydride. The 

60 monomethyl PEG-glutaric acid thus produced is then reacted with N-hydroxysuccinimfde in the presence of a 
carbodiimide reagent such as dicyciohexyl or fsopropyf carbodiimfde to produce the activated polymer, 
methoxypolyethylene glycotyl-N-succinimidyl glutarate, which can then be reacted with the TNF. This method 
is described in detail in Abuchowski et al.. Cancer Biochem. Biophys. , 7, 175-186 (1984). In another example 
the monomethyl substituted PEG may be reacted with glutaric anhydride followed by reaction with 

65 4-hydroxy-3-nItrobenzene sulfonic acid (HNSA) in the presence of dicyciohexyl carbodiimide to produce the 
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activated polymer. HNS A is described in Bhatnagar et al., Peptides: Synthesis-Structure-Function 
Proceedings of the Seventh American Peptide Symposium , Rich, etal. (eds.) (Pierce Chemical Co., Rockford 
IL, 1981), p. 97-100, and in Nitecki et al., High-Technology Route to Virus Vaccines (American Society for 
Microbiology: 1986) entitled "Novel Agent for Coupling Synthetic Peptides to Carriers and Its Application." 

As ester bonds are chemically and physiologically less stable than amide bonds, it may be preferable to use 
chemical transformations in the coupling reaction which would, produce carboxylic acids or amides without 
concurrent production of esters. 

The TNF thus modified is then formulated in a non-toxic, inert, pharmaceutical ly acceptable aqueous carrier 
medium, preferably at a pH of about 3 to 8, more preferably 6-8. For in vitro applications, the modes of 
administration and formulation are not critical. Aqueous formulations compatible with the culture or perfusion 
mBdium will generally be used. When used in vivo for therapy, the sterile product will consist of a mixture of 
TNF dissolved In an aqueous buffer in an amount which will provide a pharmaceutical !y acceptable pH when 
the mixture is reconstituted. A water-soluble carrier such as mannitol may optionally be added to the medium 
The dosage level of protein In the formulation will depend on the in vivo efficacy data obtained after 
preclinical testing and will depend mainly on the ultimate use. 

If the formulation Is lyophilized, the lyophilized mixture may be reconstituted by injecting into the vial a 
conventional parenteral aqueous injection such as, e.g., distilled water. 

The reconstituted formulation prepared as described above is suitable for parenteral administration to 
humans or other mammals in therapeutically effective amounts (i.e., amounts which eliminate or reduce the 
patient's pathological condition) to provide therapy thereto, i.e., to kill neoplastic cells. 

The dose and dosage regimen of the TNF will depend, for example, on the pharmacokinetics of the drug the 
nature of the disease, the characteristics of the TNF, the patient, and the patient's history. For example, 
different modified TNF proteins are expected to have different pharmacokinetic and therapeutic properties 
which are advantageous for different routes of administration. A long-acting drug might only be administered 
every 3-4 days every week, or once every two weeks. The clearance rate can be varied to give ultimate flexibility 25 
to fit the particular need of the patient by changing, e.g., the type of polymer and size of polymer attached. 

In the following examples, which illustrate the invention further, all parts and percentages are by weight 
unless otherwise noted, and all temperatures are in degrees Celsius. 

EXAMPLE I 3Q 
Preparation of PEGyiated TNF 

A. Preparation of PEG-Ester 

A linear, monomethyl substituted ester of PEG of molecular weight 5000 was obtained by first reacting 35 
monomethyl PEG-5000, which is commercially available, with giutaric anhydride at 100 to 110° C for four 
hours or by a method similar to that of Abuchowski et al., Cancer Biochem. Blophys. , 7, 175-186 (1984). The 
resulting PEG-glutaric was reacted with N : hydroxysuccinimide in the presence of dicyclohexylcarbodiimide, 
as described in detail by Abuchowski et al., supra , on page 176. The resulting product is monomethoxy- 
polyethylene glycolyl N-succinimldyl glutarate, hereinafter designated as PEG*. 40 

In an alternative step, and by a similar method, monomethoxypolyethylene glycolyl N-succinimidyl succinate 
may be prepared using succinic anhydride in place of giutaric anhydride. In a third and similar method, a PEG 
carboxylic ester-HNSA may be prepared using HNSA in place of N-hydroxysuccinimlde. This latter ester 
preparation is described by Bhatnagar et al., supra and by Nitecki et al., supra . The PEG carboxylic 
ester-HNSA may be used as the activated PEG in the procedures described In this example. 45 

B. Coupling of PEG* to TNF 

A mutein of human TNF having thB first eight amino acids deleted from the N-terminus was prepared as 
follows. TNF was induced from publicly available HL-60 cells and purified and sequenced. Then an Intronless 
sequence encoding human TNF was prepared by producing enriched mRNA, constructing a cDNA library, so 
selecting a probe, and probing the library to recover the sequence. Then an ATG start codon was introduced 
immediately preceding the GTC sequence encoding N-terminal valine of the mature protein by site-directed 
mutagenesis. Clones were selected and strands ligated into expression vectors to obtain procaryotic 
expression of the mutein. The mutein was then purified by column purification using any standard purification 
technique and recovered in the purification buffer. 55 

To 1 mg of the TNF mutein In 0.5 ml of 50 mM sodium phosphate, pH 8.2, was added freshly prepared 
aqueous PEG* in molar ratios from 1 to 50 per mole of TNF and sufficient 50 mM borate buffer, pH 9.0, to give 
a final volume of 1.0 ml. The PEG* was dissolved at 100 mg/ml in cold 10 mM sodium phosphate, pH 7.0. 
After thorough mixing the reaction proceeded at 23° C for 30 minutes. The reaction was finished in 30 minutes 
and the PEG*-TNF was ready for further processing. gg 

C. Purification of Modified TNF 

Using DEAE ion exchange chromatography, the various forms of PEGyiated TNF were separated from 
unmodified TNF. A sample of 1 mg of TNF modified with a five-fold molar excess of PEG* was applied to the 
column. A linear gradient of 0-200 mM sodium chloride in 30 minutes was run at 1 .0 ml/min. on a 7,5 mm x 65 
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73 cm TSK DEAE-5-PW column. The buffer was 10 mM Tris chloride pH 8.2. Aliquots of the fractfons were 
assayed for TNF bioactivity as described in Example U.B. 

EXAMPLE II 

Characterization of PEGylated TNF 

A. Size characterization of modified TNF products 

The fractions from the DEAE column were analyzed on a SDS-PAGE (15%, non-reducing) gel. Before being 
applied to the get the fractions were mixed with concentrated SDS sample buffer. Then 2.5 micrograms of 
protein were loaded onto a gel lane and electrophoresed for about 1.5 hours at 35 milHAmps. The gels were 
stained and then destained. 

The latest eiuting peak from the ion exchange column appeared to be unmodified TNF by SDS-PAGE It 
consisted of the monomer TNF band at 15,000 molecular weight The earlier eiuting peaks from ion exchange 
contained a certain proportion of higher molecular weight bands, seen on SDS-PAGE. These bands were the 
TNF monomer conjugated with one, two or more molecules of PEG*. The relative, proportion of unmodified 
monomer to the modified monomers decreased as the peaks eluted earlier from the column That is the 
eariier eiuting peaks were more highly modified with PEG. The proportion of TNF modified with two and three 
molecules of PEG* was also highest in the early eiuting peaks. 

B. Bioactivity of PEGylated TNF as a Function of the Extent of Modification 

Fractions from the aforementioned DEAE column separation of TNF modified with a five-fold molar excess 
of PEG* were assayed by the L-929 TNF cytotoxic bioassay described below. 

The L-929 assay system is an improved convenient in vitro assay which permits rapid measurement of TNF 
activity. Its degree of correlation with the in vivo tumor necrosis assay of Carsweli, et al, Proc, Natl. Acad. Scl 
(USA[ (1975), 72:3666, supra , is, at present, unknown; however, as it utilizes murine tumor ceils specifically 
the correlation is expected to be high. The protein designated lymphotoxin in EPO Publication No. 0100641 
also gives activity in this assay. The assay is similar in concept to that disclosed in U.S. Patent 4 457 916 which 
used murine L-M cells and methylene blue staining. However, the L-929 assay has been shown herein to 
correlate (for HL-60-derived TNF) with human tumor cell line cytotoxicity. 

In the L-929 assay system, L-929 cells are prepared overnight as monolayers in microliter plates The test 
samples are diluted two-fold across the plate, UV irradiated, and then added onto the prepared cell 
monolayers. The culture media in the wells are then brought to 1 u.g/ml actinomycin D. The plates are allowed 
to incubate 18 hours at 37°C and the plates are scored visually under the microscope. Each wefl is given a 25 
50, 75 or 100o/o mark signifying the extent of cell death in the well. One unit of TNF activity is defined as the 
reciprocal of the dilution at which 50% Wiling occurs. 

The results of the L-929 assays of the DEAE column fractions are shown in Table !. Fractions 48-58 are 
modified TNF and Fraction 60 is unmodified TNF. The resufts suggest that the PEGylated TNF In Fractions 
56-58 has the same specific activity as the unmodified TNF. More highly PEGylated forms of TNF (Fractfons 
48-54) show decreased specific activity. The active PEG-TNF contains approximately equal amounts of 
unmodified TNF monomers and mono-PEGylated monomers as determined by SDS-PAGE. As TNF is a dimer 
most likely the active species Is a mono-PEG-TNF monomer combined with an unmodified monomer The 
combination of two modified monomers (Fractions 52-54) is almost 2-1 0-fold less active than the unmodified 
TNF. 



0 247 860 



TABLE I . 
Bioactivity of PEGylated TNF 



Fraction From 
Column 



(■Um'ts/mg TNF) 



Bioactivity 



60 



56 



58 



54 



52 



48 



50 



1.30 x 10 6 

1.26 x 10 6 

2.04 .x 10 6 

5.88 x 10 6 

1.32 x 10 7 

1.12 x 10 7 

1.47 x 10 7 



When the reaction was carried out as described in Example I using 5 moles of PEG* per mole of TNF, the 
unfractionated TNF had a specific activity of 20<Vo of the unmodified TNF; at a 10-fold excess of PEG* there 
was 10/d of the specific activity remaining. 

C. Pharmacokinetics of PEGylated TNF compared to unmodified TNF 
It is expected that the active TNF species has a longer half-life than the unmodified TNF when injected into 



Preparation of PEGylated TNF With 2000 Molecular Weight PEG 

A TNF derivative of PEG of molecular weight 2000 was prepared generally by the method described in 
Example I using PEG-2000. The resulting derivative was biologically active. 

EXAMPLE IV 

Preparation of TNF Modified With Polyoxyethylated Glycerol (POG) (Expected Results) 

A. Preparation of Activated POG-TNF 

Polyoxyethylated glycerol (POG) of molecular weight 5000 was custom synthesized by Polysciences. 

To 10 g of POG was added 2.28 g glutarlc anhydride (a tenfold excess over POG). The mixture was stirred 
for two hours at 1 1 0°C and cooled. This was dissolved in 20 ml CHCb and poured slowly into 500 ml ether 
with vigorous stirring. The product was collected and rinsed with ether to yield about 90% POG glutarate 
product. This product was reacted with N-hydroxysuccinimlde as described in Example I.A. to yield the active 
ester POG-glutaryl N-hydroxysucclnlmide (POG*). It is expected that the TNF described In Example I.B. may 
be reacted with the POG* at room temperature under the conditions generally described In Example I.B. The 
reaction mixture may then be applied to a separation column for purification and the fractions analyzed for 
homogeneity by SDS-PAGE and for bioactivity as described in Example II.B. 

In summary, the present invention is seen to provide a pharmaceutical composition wherein biologically 
active TNF protein is selectively conjugated to a polymer of PEG or of a polyoxyethylated polyol. 



1 . A pharmaceutical composition comprising a non-toxic, inert, pharmaceutical ly acceptable aqueous 
carrier medium In which is dissolved a biologically active selectively conjugated tumor necrosis factor 
(TNF) wherein the TNF is covalently conjugated to a water-soluble polymer selected from the group 
consisting of polyethylene glycol polymers and polyoxyethylated poiyols, wherein said polyethylene glycol 
polymer is unsubstituted or substituted at one end with an alkyl group and said polyol is unsubstltuted. 

2. A composition according to claim 1 wherein said polymer Is a homopolymer and has a molecular 
weight of about 300 to 1 00,000. 

3. A composition according to claim 1 or 2 wherein said polymer is conjugated to the TNF via the 



mice. 



EXAMPLE III 



Claims 
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4-hydroxy-3-nitrobenzene sulfonate ester or the N-hydroxysuccinlmide ester of a carboxyiic acid of said 
polymer. 

4. A composition according to any one of claims 1-3 wherein said polymer Is either a homopolymer 
selected from unsubstituted polyethylene glycol or monomethyl polyethylene glycol, or a polyoxyethy- 
lated glycerol, and said TNF is human recombinant TNF or a mutein thereof. 

5. A process for preparing a pharmaceutical composition comprising: 

(a) preparing a water-soluble polymer having at least one terminal reactive group where said 
polymer is selected from the group consisting of polyethylene glycol polymers and polyoxyethylated 
polyols, wherein said polyethylene glycol polymer is unsubstituted or substituted at one end with an 
alkyl group, and said polyol is unsubstituted; 

(b) reacting biologically active tumor necrosis factor (TNF) with the reactive group of said polymer 
so as to provide a biologically active, selectively conjugated TNF; and 

(c) formulating said TNF in a non-toxic, inert, pharmaceutically acceptable aqueous carrier 
medium. 

. 6. A process according to claim 5 wherein said polymer has a molecular weight of about 300 to 
100,000 and said TNF is formulated at pH 6-8. 

7. A process according to claim 5 or 6 wherein step (a) comprises reacting the polymer with an acfd 
anhydride to form a carboxyiic acid, and reacting the carboxyiic acid with a compound capable of reacting 
with the acid to form said activated polymer with a reactive ester group. 

8. A process according to claim 7 wherein the acid anhydride is glutaric anhydride and the compound 
capable of reacting with the acid In the presence of a carbodiimide is N-hydroxysuccinimide or 
4-hydroxy-3-nitrobenzene sulfonic acid. 

9. A process according to claim 8 wherein the reactive group reacts with one lysine residue of said TNF 
and step (b) is carried out at a pH of about 8-1 0. 

. 10. A process according to any one of claims 5-9 wherein said TNF is human recombinant TNF or a 
mutein thereof and said polymer is either a homopolymer selected from unsubstituted polyethylene glycol 
or monomethyl polyethylene glycol, or a polyoxyethylated glycerol. 



